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ML LTI-l.EX EL W A\ EGl IDE 

FIFi I) OF rUF IN\ KM ION 

The iin cniioii relates to optical circuits and in particular, two-dimensional (2-D) 
luhographicall\ deilned optical arraxs. 

B AC K(;R01 ND OF TUF RFi A FFD ART 

Optical circuits pro\ ide many ad\ antages o\ or traditional electrical circuits. rhe> 
are much faster and potentialK much smaller than Controlled C\)llapse Ch\p Connector 
(C4) and Multi-C1iip Module (MCM) packages. Optical circuits ma\ also be used m 
coniLinction with elecu-onic MCAls. 

Optical circuits t\'picall\ use laser light transmitted h\ optical fiber. 1-or example. 
man\ optical circuits use edge-emitting lasers (Id'hs) aligned w ith optical fiber K ing m 
hon/ontal grooxes on a substrate. This configuration oflasers and optical fiber requires 
signitlcant area on an optical circuu substrate. 

ijptical fiber is txpicalh composed of du outer la\er and an inner core. 1 he outer 
la\er gencralK has a slightU' lower retraction angle (index of refraction ) than the inner 
core. The different refraction angle keeps light traxelmg m the centrall\ -aligned core. 
.\n end (.>f each optical fiber is t\picall\ aligned on the substrate with an hd:L. I'he otiier 
end of the optical fiber ma\ be aligned w ith a photodeteclor. r\ picall\ , m manufacturing 
these optical circuits, optical fiber and ld:f s ha\ e to be aligned manualK . I his ma\ take 
}i) to 4n minutes per alignment according to current techniques. 

While hd - Ls are capable of emittuig man> wa\elcngth> of light and capable of 
emitting w a\ elengtiis m single and multi modes, the> are cli ftl cult \n manufacture and 
]ia\ e hp^!i ]^ow e!" req u!rement>. XeHical Ca\ it> Surf ice 1 -muting 1 asers ( X'CSfd > ) are 
much easiei* to manutacture and ha\ e lower pow xm" requirements, While some \ (^Sf 1 > 
ma\ onb. be able lo ennt a Hmited number of w a\ elcngth> m mu It unode enn^sion^. ihe\ 



ina\- be used to direet laser light signals in a vertieal direetion (i.e.. orthogonal to the 
substrate). 

CoineiUional prodnets are ditTieult to align w ith a X'C^SIiL and guide hght 
\ ertieal]\ through one or more substrates w ith nnninia! dispersion losses. 

BRIKF DKSC RIFI ION OF I UK DRWMNCS 

The iinention is illustrated b> wa\ ofexaniple and not hmitalion m the 
aeeompaining figures: 

Fij^. 1 show s a sehenuitie, top perspeeti\ e \ lew of a tw o-din:iensional (2-D) 
lilhographieall} defined oplie arra\' aeeording lo an embodiment of the iin ention. 

In Fi^. 2 shows an embodiment of the imention ha\ mg a nudti-le\el wa\eguide. 

Fi<^. 3 shows a sehematie eross-seetion \ iew of an embodiment of the imention ot^ 
a multi-lev el w a\ eguide. 

Fi<^. 4 ^^hows an embodiment of the iinention having a mulli-le\el waveguide with 
gas filed V las. 

1- Fi^. 5 shows an embodiment ot^the invention hav mg a substrate for a multi-level 

waveguide with eladding-filled v las. 

Fi<i. 6 show s an embodiment of the inv ention hav ing a substrate for a multi-tev el 
waveguide with polvmer eore eladding filled vias. 

Fi<i. 7 show s an embodiment of the inv ention hav ing tw o substrates of a muhi- 
:m lev el w av eguide w ith optieal fiber and a solder bump metal pad alignment s> stem. 

Fi«^. 8 shows an embodiment ot'the invention hav ing two substrates oi a multi- 
lev el waveguide with optical fiber and a laser hole ahgnment svstem. 

Fi*^. ^> ^hiwv ^ an emixniiment o f flie i nv enl ion hav mg a v eilieai ea \ itv >urtaee 
emitting laser and an annealed polvniei" lens. 

> \ 1 (I >hvn\ s a side \ lew o\ an embodiment of the inv ention hav mg hoi-i/ontal 

evM'e palhw av s lor a nuiUi-lev el w av eguide. 


Fig. 1 1 show s a three dimensional \ lew of an embodiment of the nn ention ha\ nig 
hon/ontal eore pathw ay s tor a miihi-le\ e] w a\ eutnde. 

Fig. 12 show s a side \ iew of an embodmient of the nn ention ha\ ing hori/onlal 
eore pathw a\ s tor a muhi-le\ el w a\ eguide w ith markers for a solder bump melal pad 
ahgnment s\stem. 

DF I AILFD DFSC RIPTIQN OF THF 1N\ FNTION 

The following deseription makes referenee to numerous speeifie details in order to 
pro\ ide a thorough understanding of the inx ention. How e\ er, it is to be noted that not 
e\ er\ speeitle detail need be employed to practiee the imention. Additionall\-, w ell- 
known details, sueh as pailieular materials or methods, ha\ e not been deseribed in order 
to a\ Old obseuring the present in\ ention. 

Referring to Fig. 1. an embodiment of the in\ ention is show n in the form of a tw o- 
dimensional (2-1)) optie arra> . In tlie embodiment show n m Fig. K a substrate hax ing a 
two-dimensional arra\ (x\ dimensional arra\ ) of \ias is tbrmed therein. \'ias 3 ma\ 
mekide optiealK iransmissn e materials ineludmg, but not limited to, optieal fiber, 
eladdmg. eore eladdmg, poKmer, or gas. fhe 2-D optie arrax ean be used to transmit 
light, or other forms of eleetromagnetie radiation, tra\ eling betw een a lop of substrate 2 
(as shown) to a bottom of substrate 2 (as shown) in a primaril>' \ertieal direetion or \ lee 
\ ersa. The \ la arra> ma\ be lithographicall> defined b\' markers 9 (e.g., lldueials) plaeed 
on the substrate to aid alignment betw een multiple optie arra> s of similar eonfiguration to 
that ot^ substrate 2. Multiple optie arraxs ma\ thus be staeked to form multi-le\el optieal 
aiTa\s (e.g.. w a\ eguides). 

A two-dimensional arra\ of \ ias ma\ be formed m substrate 2. m se\ eral ditlerent 
wa\s. for example, \ ias 3 ma\ be formed using lithographie leehmques where, lor 
example, a photoimageable material is mtrodueed o\ er substrate 2 and patterned 
aeeordmg to a designated mask pallern to define openings m the photoimageable 
material. Substrate 2 is then elehed through the openings m the photoimageable matei'iai 
lo lorm \ las through substrate 2. \'ias 3 ma\ be elehed m substrate 2 with a ehemieal 
etchani. Ahernati\ el\ . \ias 3 m substi-aie 2 ma\ also be formed with a laser il^ihe 
substrate eomprises a material that is ablatable. fhe laser ean be used to ablate \ia> 3 into 
>u!^sU\ile 2 aeeoixlmg to a designated paitern. 



Markers 9 arc. in one enibodinicnt. similar to markers (targets) used in 
photolithograpln operations. In one embodmient. one or nu)re markers oi a selected 
pattern is (are) mtrodiiced o\ er the substrate. Alignment tools (such as. for example, 
contact aligners, pro\imit\' aligners, scanning projection aligners, steppers, and x-ra\ 
aligners) use these alignment markers to align a UKisk through w hich a photoimageable 
material is defined. AccordingK', in one embodiment, markers 9 are introduced on 
substrate 2 prior to the introduction of Mas 3 and markers 9 are used to align a mask to 
locate \ las 3 and form the arra\-. 

The w idth of \ ias 3 formed m substrate 2 of Fig. 1 ma\- \ ar\- depending on the 
t\pe oftransparent nuiterial that is to be inserted. Vov example, if optical fibers are to be 
inserted into the tw o dimensional arra\' of \ ias, the w idth of the \ ia ma\- be slightl\- 
smaller than the diameter of the optical fiber. For example, if the optical fiber has an 
outer diameter of lo microns, the \ ia ma\ be on the order of 10 microns or ma\ ha\ e a 
slightl\ smaller diameter in the e\ ent that the Ma is expanded upon subsequent exposure 
to a heat source. The height (thickness) of substrate 2 ma\- also \ ar\ wideh' depending on 
the t\pe and si/e of the substrate used, [-or example, substrate heights (thicknesses) ma> 
be in the range of approximatcK inO-OOO microns, analogous, in one regard, to optical 
circuit substrates know n in the art, although other heights (thicknesses) are w ithm the 
scope of the iin ention. Suitable substrates for substrate 2 include, but arc not limited to, a 
senuconductor substrate, a ceramic substrate, a multi-la\er cerannc substrate, and a 
pol\ineric (e.g.. a pol\imide) substrate. 

Alter formation, each \ ia ma> be prepared by inserting opticall\ transmissix e 
material therein to transmit light from the top of substrate 2 (as shown) to the bottom of 
substrate 2 (as show n). for example. Mas 3 nvd\ contain gas (such as argon or air). 
Alternatn el\ , \ las 3 ma\ also ha\ e cladding and possibK core materials introduced 
therein. 1-or example, a cladding material of silicon dioxide (e.g.. a doped silicon 
dioxiiic) max be grown (and doped) along the side walls of each \ias 3. An opticalK' 
n-aii>mir^si\ c core w uh an index o\ retraction greater ilian the cladding max optionallx 
liicn be mt!"oduccd. ^uch a> a silicon dioxide material introduced b\ a phiMna enhanced 
chemical \ apor deposition (PIAA'D) process. As noted abo\ e and m a further allernatue. 
each \ las 3 ma\ ha\c an optical tlbcr. Other opticall\ transmissue materials can also be 


\ 



used to transmit light through the \ ia. In addition, instead ot^ inserting a material, each \ ia 
3 ma\ be subject to a \ acuum. 

Cohectix el\ , substrate 2 with \ las 3 ma\- representati\el\ constitute a two- 
dimensional optical aiTa> . As noted abo\e, two or more substrates such as substrate 2 
ma> be assembled (e.g.. slacked) into a three-dimensional (3-D) arra> w ith the \ las (e.g., 
Mas 3) aligned for light transmission through multiple substrates. 

Light tra\ cling through optical!}' transmissi\ e material in \ las 3 ma\ be used to 
transmit data. It is generallx recogni/ed that the shorter the w a\ elength of the light 
trav eling through a substrate arra} (such as substrate 2 and \ las 3). the faster data can be 
transported through the arra\ . How ex er, shorter w a\ elength light w ill more easilv 
disperse as it trav els through irregidanties in an optical arra>', If light disperses as it 
trav els through the optica! an'a\', the data being transmitted ma\' be lost. 

\\ Inle sliorter w av elengths of light ma>' result in faster data transmission speeds, 
shorter wdvelengtli light is more likelv to disperse w hen trav eling betw een tw o stibstrates 
(e.g., beiv\een two substrates sucli as substrate 2). fo minimi/e light dispersion between 
two adjacent substrates of an arrav . adjacent substrates mav be opticalh aligned. 
Referring to Fig. 1. markers 9 placed on the two-dimensional optical arrav w ith respect to 
[be prepared v las or to the optical cores of tlie opticallv transmissiv e material inserted m 
the prepared v las. mav also be used to align multiple substrates to form multi-lev el (e.g., 
three dimensional) arrav s. In other words, markers 9 mav be located consistentiv lor a 
pluralnv of substrates that are to be assembled into a multi-level 3-1) arrav: I 'sing the 
same alignment tool and the same mask, v ias of the v arious substrates can be aligned. 
Markers 9 mav also be used to align the substrates together m a multi-dimensional arrav . 

In addition to v las 3 and markers 9, substrate 2 mav further include opto- 
electronic circuits (e.g.. WShd.s. pholodeteclors. etc.), electronic circuits, and conductixe 
material (e.g.. interconnects). collecUvelv represented as circuit laver 100 introduced to 
uileraci w ith light in the multi-lev el arrav . In this manner, a substrate mav include an 
optical eleeti\;niic integrated circuit (OhdCM for linking optical and electronic signals. 

Reterring to li^^. 2. an embodiment ot^thc invention m the torm of aligned 
substrato lor a multi-lc\ el arrav ( e.g., a three-dimensional arrav ) is show n. I op substrate 
1 i. a- -how u ) and bvMtom -ubstrale 2 ( a> show n ). each w ith a 2-1) ojMical arrav of j^rcjXircd 



Mas are aligned and conneeted to form a continuous optical path. Circuit la>cr 100 nia\ 
be introduced on the bottom of bottom substrate 2 (as shown). Circuit la>er 100 ma> 
interact w uh the optical aiTa> through photodetectors 32 aligned w ith each prepared \ ia 3 
of tiie optic arra\ where, for example, a light signal is conv erted to an electronic signal. 
Alternaliv eK . a pluralitx of \'(\Sl:l-S ma\ be aligned w ith substrate 2 to emit light signals 
through the three-dimensional arra\. In such case, circuit la\er 100 ma\' include \'(^SI:l. 
dri\ er circuits and other addressing circuitr\ for addressing the X'CSIihs. Other methods 
ot^ interfacing an optic arra> and an associated circuitr\' know n to those w ith skill in the 
art are cejualK suitable. 

I o mininn/e light dispersion in the arra\', top substrate 1 and bottom substrate 2 
ma\ be aligned. Sev eral methods of aligning numerous optic arra\'-containing substrates 
are described herein. Other methods of aligning optic arra\ s not described herein are also 
w ithin the scope ol the in\ ention. 

Fios. 3-6 show representatix e cross-sections of optical arra\- substrates such as 
substrate 2 and illustrate different embodiments otdight paths through the substrate. 
Reterring to Fig. 3. one embodiment ot^ substrate 2 for a multi-le\ el arra\ is shown. At 
w av elengths above 1550 nanometers, substrates 2 made of certain materials, such as 
silicon, become transparent (transmissiv e) to light w ith little dispersion losses. If large 
enough light w a\ elengths are used, then prepared \ ias ma\' not be needed as light ma\- 
travel through the substrate material between the top surface 20 (as shown) and the 
bottom surtace 21 (as shown) of the substrate. In this embodiment, there ma\ not be an> 
prepared v las to be aligned betw een substrates used w uh these light w av elengths. but 
alignment between light source 30 (e.g.. a X'CSbdJ and light receiver 32 (such as a 
photodetector) ma> be needed for efficient interaction betw een the optic arrav and a 
conductive laver 100. .Mignmcnt mav be achiev ed using markers and the alignment 
method described lierein. 

Referring to \ '\<^. 4. another embodiment of substrate 2 tor a multi-lev el arrav is 
shown. While large w av elei^gtlis ma> be able to travel through the substrate with little 
di>persion losses, hght \\ \{h ^mailer w a v elengths mav transmit data at a taster rate. \ las 
mav need to be cut into the substrate and prepared to minimi/c dispersion losses with 
-nMllei- lieht w a\ elcngth>. In the embodiment ^how n m Fig. 4, \ las 3 can be prepared bv 
MlhuL: I hem w uh a ea>. ^uch a> air ^m" ai'gon. or applv iiig a v ac uum to them alter thev are 

1 / 1 \r> 'i' ! i V^i '^J 



formed m substrate 2. Prepared \ ias in this embodiment ofthe in\ention ma\- mmimize 
dispersion losses for all w a\ elen^ilhs of light used, makmg U more praetieal lo use 
\\ a\ etengths below 1550 nanometers. Ho\\ e\ er. \\a\ elengths larger than 155n 
nanometers ma\ also be used. Alignment betw een substrates ma\ be neeessar\' to reduee 
light dispersion losses and line up hght sourees and light reeeix ers on either side ol the 
substrates. 

Referrmg to Fig. 5, another embodiment of substrate 2 for a multi-le\ el arra\ is 
shown. In this embodiment, the \ ias m the substrate are prepared w ith la\ers ot\dadding 
4 along the \ la wdlls. Vov a semieonduetor substrate, sueh as a silieon substrate, after \ la^ 
3 ha\ e been etehed out ot^ substrate 2. substrate 2 ean be heated to thermall\- grow 
eladding la\er 4 of an oxide (e.g., sUicon dioxide) inside \ ias 3. Cladding laxer 4 lines 
w alls of \ ias 3 but an opening for a hght transmission remains through the \ ias. (ias or a 
\ aeuLim ma> . optionaU\', be introdueed as a transmissi\ e media. 

Referring to Fi^J. 6. another embodiment oi^ substrate 2 for a multi-le\ el arra\- is 
shown. In this embodiment. \ ias 3 in substrate 2 are prepared with eladding la\ers 4 
Lirown along the \ ia w alls and a separate inner optiealK transmissix e eore material 5 
introdueed in the opening of eaeh \ la. After \ ias 3 ha\ e been elclied out ot^ substrate 2, 
substrate 2 ean be heated to ihermalK grow a eladding la>er 4 of, for example, an oxide 
msuie \ la 3, if \ la 3 is not too w ide for eladding la>er 4 to eompleteK fdl it up. then the 
eladdmg la\er grow th is stopped before eompleteK filling \ la 3. .A separate trans|iarent 
material 5. sueh as but not limited to an oxide (e.g.. silieon dioxide) or a pol\nier. ean 
then be introdueed sueh as by ehemieal \apor deposition (C\'L)) or tlowmg a poKmer 
into the gap m eladding la\er 4. 1-or example. \ la 3 with a diameter of approxmiateK 3(> 
mierons. ma\ onl\ be able to grow a in mieron thiek eladding la\er 4 on its walls. 1 he 
remaining gap m eladding la\ er 4, ma\- be filled w ith a separate transparent material 5 
sueh as a polymer. 

1 o]^ surtaee 20 and bottom surtaee 21 ma\ be planari/ed b\ - tor example, 
eheinieal-meehanieal j^oli^h or etehmg to provide planar surfaees. 1 he ditterenee in 
j-efraetion angles between eladding la\er 4 and inner transparent ec^-e materud 5 ma> 
nin^mn/e disjUM'Mon losses ot~ hght tra\ ehng through inner transpai'eni eoi-e material 5. 
W'hnle Niibsirate^ 2 u.--mg uiiier n-an>pareni mate!*ial> 5 max be aligned aeevMxhng to the 

oi' :!^. \ m \\ .iiU. d;-per^ion lo->-e- ma\ be further nimnni/ed b\ ahgning inner 



transparent core materials 5 betw een the substrates. Otherw ise, w hile \ ias 3 ma\ be 
aligned, inner transparent eore materials 5 ma\- not be centered in \ ia 3 and light 

dispersion max occur between substrates. 

Referring to Fig. 7. an exploded cross-sectional \ iew of embodiment ot\i multi- 
lex el aiTa> IS shown. In this embodiment, the nudti-le\el arra> includes top substrate 1 
(as shown) and bottom substrate 2 (as shown), each with an optical array, is shown prior 
to attaching the two substrates. \'ias 3 m each substrate are first prepared b\, m this 
example, inserting optical liber 6 in \ ias of respectn e stibslrates. One w a\- to insert 
optical fiber 6 in \ ias 3 ha\ mg dimensions (e.g., diameters) on the order of the diameter 
of the fibers is to heat substrates to a temperature that w ill cause \ ias 3 to expand, in one 
embodiment, if the substrate 2 is made of silicon, the substrate ma\- be heated m the range 
of approximate!) 75'^ C to 1 75'^ C. Ends of optical fibers 6 can then be inserted into each 
\ ia 3 until the end of optical fiber 6 is e\ en w ith bottom surface 21. Alternate!) , the end 
ot'the oj^tical liber can be inserted past bottom suriace 21. The end of the optical fiber 
ma\ then be attaclied to a dex ice such as a photodetector. cut (e.g.. lapped planari/ed) 
e\ en w ith ihc bottom surface 1. or used in other wa\s. 1 \'pical optica! fibers 6 ha\ e 
diameters m the range of approximate!) eiglu to ten microns w itli optical fiber cores 7 
ha\ mg diameters in the range of approximate!) fi\ e to six microns. If the stibstrates liav e 
to be heated alter ihc addition of optical fibers. \hc optical fibers should not come out of 
the holes because the material in the optical fibers should ha\ e a greater coefficient oi 
expansion tlian the stibstrate material. Therefore, tlie optical fiber sliould expand faster 
tlian the substrate and actual!)' ha\ e a tiglner fit as the temperature rises. 

Alter inserting optical fbers 6. conducti\e interconnects, such as conductix e \ ias 
terminating m terminals (contact points or contact pads) on tlie surface of adjacent 
sul\strates ma\ be coupled to pro\ ide electrical communication betw een tlie substrates 
and. tor example, an optical structure to whicli tlie stibstrates are collecti\el) mounted 
(not shown) show s terminal 8 of substrate 1 ha\ing. for example, a solder IxiU 

formed tliereon. aligned witli terminal 9 of substrate 2 to. when coupled, lorm tlie 
electrical interconnection, can he placed on sul^strates 1. 2 rehui\e to optical liber ct>res 7. 
Atler preparing the \ ias and placing terminals 9 on substrates 1 and 2. the substrates ma) 
be almned and attached. Toj^ substrate 1 (as shown) and bottom substrate 2 (as shown) 
are placed m contact w itli each other ( ideal!) w itli tlie solder bumps on one substrate and 



metal lerniinals (pads) 9 on the other substrate in contact), the solder bumps on terminals 
8 can be nK^hed onto the metal terminals (pads) 9. It is appreciated that such termmals 
ma\ act as conductne \ las or conducts e contact pomts tor use as an aliernatix e or 
addhional alignment mechanism for the substrates. 

Referring to Fig. 8, another embodiment of the in\ ention in the form of tw o 
substrates for a muUi-le\ el arra\ (e.g., w a\ eguide) is show n. Similar to the embodiment 
shown m Fig. 7. the embodiment shown m Fig. 8 also uses optical fiber 6 inserted into 
the top subsu-ate 1 and the bottom substrate 2. However, instead ot^ilignmg the top 
substrate 1 to the bottom substrate 2, lor example, metal pads, the top substrate 1 and the 

]n bottom substrate 2 are aligned b\' marker holes 10a and 10b placed relati\c to the optical 
fiber core. .After the optical fibers ha\ e been inserted into the substrates, a source of 
electromagnetic radiation (such as laser 34) is radiated through marker hole 10a. A 
detector of electromagnetic radiation, such as a photodetector 33, is aligned w ith marker 
hole lOb. I op substrate 1 and laser 34 are mo\ed relati\e to bottom substrate 2 and 

1 ^ photodetector until marker holes 10a line up w ith marker holes 10b and photodetector 33 
detects the laser light, l op substrate 1 and bottom substrate 2 are then attached. 
Alternately laser 34 could be lined up w ith iiKirker hole 10b in bottom substrate 2, and 
photodetector 33 could be lined up w ith marker hole 10a in top substrate 1. Also, 
alternatel}-. marker holes 10a and 10b can be placed relati\ e to the location of \ ias 3 

2^ instead of optical fiber core 7. 

After the substrates ha\ e been prepared. the\ can be planari/ed and a circuit la\er 
such as cn-cuit la\ er 100 can be applied to one or more substrate if such circuit la\ er had 
not pre\iousl\ been applied. 

Referring to Fig. 9. another embodiment of the in\ ention is show n. X'ertical 
ca\ it\ surface emitting laser (\'C^S1:1,) 30 is attached on top of top substrate 1 (as shown). 
1 en^ 31 >uch as a poKnier lens is installed onto a \ la m lop substrate 1 to increase the 
tolerable \ ariance of misalignment between the XX^SfL 30 and prepared \ la 3. To torm 
lens 3 1 of a pol\ nier. a poK nier ma\ be applied o\ ei- tlie hole and then annealed. 

Referring to Fig. 10. another embodiment of the iin ention is shown, fhe 
- ■ in \ ention ma\ not be re^tncted to light tra\ ehng m a \ ertical directuMi. 1 ight can also be 
tranMnitted along the substrate m a subsiantiall\ horizontal direction aliMig coi'c j\itln\ a\- 



41. Ligln nKi\ tra\ cl in a core path\\ a\ 41 (\ crtical or hori/onlal) and ma}' be contained 
\\ iihni die core path\\a\ 41 if the material used in the core path\\a\' 41 has a higher nidex 
ot^-efraelion than surrounding eladdmg matenah Yo form horizontal core pathu a\s 41. 
substrate 2 can optionall> ha\ e a eladdmg la> er 40 deposited or grow n on it ha\ uig a 
low er index ot^ refraction than the material to be used in the core pathw a\'s 41. If the 
substrate has an index of refraction low er than the material to be used in core pathw a\ s 
41, cladding la\er 40 ma\ not be needed. If used, the cladding la\'er 40 can then be 
planari/ed in preparation tor a la\ er oWovc material. After a la\er of core material is 
deposited on top of the eladdmg la\ er 40 and planari/ed. the core material can be 
patterned using a mask and then etched and planari/ed to form core pathw a\s 41 on the 
cladding la\ er 40. Additional cladding material 42 can be la\ered on top of the core 
pathw ays 41 to enclose a pathw ay for light tra\ cling horizontally through the core 
path\\ a\ s 41. Fig. 1 1 show s a three dimensional \ iew ot^a cut aw a\' of an embodiment of 
the iinention ha\ ing a la\er olAdadding 42 and a core pathw a>' 41 on a substrate 2. As 
seen in Fig. 10, core material and cladding material can be deposited, patterned and 
etched m subsequent la\ers as man\' times as necessar\ to form multiple horizontal 
pathw a>s for light (through core pathw a>s 41 ) on the substrate 2. Optional 1\-. as the 
cladding and core are being deposited and patterned. \ las can be etched into the cladding 
and substrate ( for example b\ including the \ la in the pattern to be etched at each stage of 
the la\ ering process) to form photonic \ ias 43 lor light to tra\ el from the horizontal core 
pathw a\ s 41 to \ ias 3 and then to the bottom surface 21. In another embodiment of the 
iin ention. the substrate 2 ma\- not ha\ e \ ias 3. On bottom stirface 21. a circuit la\er 100 
can be laid w ith light detectors, such as photodetectors 32, to conv ert the light signal into 
an electrical signal. Photonic \ las 43 and \ ias 3 can be prepared m an\ manner as 
discussed abo\e including but not limited to using optical fiber, cladding, core cladding, 
jH^Kmer, or gas. Light ma\ enter the wa\eguide trom a light source such as a \'C'Sl:b 30. 
Ligiii iVom the light source ma> enter the w av eguide through a photonic \ la 43 from the 
lop o\ liie w a\ euuide to a core pathw a\ 41 . Other methods o\ introducing light into the 
core pathw a\ s 41 not described herein are also w ithm the scope of the iin ention. 

Relerrmg to Fig. 12. terminals S can be placed on sub>trate 2 to allow substrate 2 
lo be aligned w illi other w a\ eguide>. Terminals S can ha\ e solder buinp> to be u^ed tor 
ahenmeni, or ahgnmeni CcUi be aehie\ ed u>i ng marker holes similai" to markei" hole> Kla 
and 10b m Fig. 8 a^ described abo\e. 



Aliuiiing ihc substrates w ith markers ma\ signi tleantl\- increase the speed ot^ the 
processing! b\ allow mg the process to be done automaticalh . In additioii, nuilti-le\ el 
\\ a\ egnidcs ina\ be tlexible to adapt to new technolog> and nia> lead to planar surfaces 
on \KAls incorporating optical libers. Although an exeniplar\ enibodinient of the 
iin ention has been show n and described m the form of a multi-le\ el w av eguide, man> 
changes, modifications, and substitutions ma\- be made w ithout departing from the spirit 
and scope of this in\ cnlion. 


